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Abstract
The pervasiveness of mobile technologies has led to the paradigm known as mHealth. Research has shown
that mHealth is useful for self-management of chronic conditions but is plagued by usability issues. Design
approaches such as Design Thinking advise the use of “personas” to represent real users and aid the design
of user-centered and empathy-oriented mHealth applications. The current study develops three
representative personas that could inform the development of a diabetes-management mobile application
using about 1.35 million social media posts that represent about 40.81% of diabetes-related conversations
on Twitter. This study demonstrates that social media could be useful in human-centered design
approaches by analyzing posts that offer differing perspectives on diabetes care. Further, the study shows
that the characteristics of social media-inspired personas can also influence the choice of behavior theory
and techniques for mHealth applications.
Keywords (Required)
persona, social media analytics, design thinking, user-centered design, mHealth

Introduction
The advent and ubiquity of mobile technologies, as well as the continuous advancements of associated
technologies, such as smart devices and wearables, has led to the paradigm known as mHealth, which refers
to the use of mobile and wireless technologies for healthcare purposes (World Health Organization, 2011).
mHealth benefits patients and healthcare providers through the provision of cost-effective support for selfmanagement regimens. Further, increased regimen adherence in chronic disease patients has been realized
in empirical mHealth research (Armitage et al., 2020; Pérez-Jover et al., 2019; Tao et al., 2015).
However, while there is evidence on the usefulness of mobile applications for the self-management of
chronic conditions, there are several issues that have been raised in past research. El-Gayar et al. (2013)
found that current apps often seem to be reminiscent of an electronic adaptation of paper-based diabetes
journals that lack personalized and customizable information; other researchers have noted that improving
user acceptance and satisfaction would depend on matching design features to patient characteristics (Fu
et al., 2017; Liu et al., 2020) suggested; and Wu et al. (2017) indicated that certain safety issues and adverse
events had been neglected in past mHealth apps. As such, it has become important to design apps that are
informed by proper socio-technical design theories (El-Gayar et al., 2013; Holeman & Kane, 2019). One
such approach is Design Thinking (DT).
Accordingly, this study brings to fore a user-centered approach to requirement engineering that considers
the characteristics, tasks, and environment of patients in improving the mHealth app design process. The
study diverts from traditional design principles which emphasizes fully defining a solution upfront by using
the user-centered design (UCD) approach known as DT (Brown, 2008; Sakama et al., 2018). DT emphasizes
building empathy and tangible evidence of user experiences as a basis for UCD (Holeman & Kane, 2019).
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Hence, the current study highlights persona development, a key part of the empathy phase in DT, by
collating user experiences with chronic diseases from social media and molding these diverse unsolicited
user insights into coherent personas that can inform user-centric mHealth app design. These personas are
a way to represent users in the design phase. They are imaginary individuals that represent real target users
with specific needs to be addressed (Cooper, 2004; Pruitt & Adlin, 2010; Siricharoen, 2012; So & Joo, 2017).
In the persona creation process, there needs to be a suitable trade-off between contextual and
comprehensive knowledge, about the emotional, subjective, and lifestyle concerns of the design subjects (Al
Subhi & Bell, 2018; Dubberly, 2008). Imagining patients as personas invoke empathy with their challenges
which, in turn, aids with the creativity and development of human-centered solutions (Pruitt & Adlin, 2010;
So & Joo, 2017). Although imaginary, personas can be extremely useful for requirement elicitation, analysis,
specification, and validation of systems design process as they serve as “real” users for which the system is
being developed (Cooper, 2004).
Thus, the objective of this study is to investigate the use of social media for persona development. The
current study makes methodological contributions to extant literature by refining how user personas for
mHealth apps are developed through the novelty of social media data mining. Theoretically, this study also
contributes to the design theory of persuasive systems by reinforcing the role of patients, their
characteristics, and needs in mHealth app design. Further, by using diabetes as a case study, this earlystage persona development research forms the basis of the development of an mHealth app to support
diabetes self-management.

Background and related work
Brown (2008) describes DT as “a discipline that uses the designer’s sensibility and methods to match
people’s needs with what is technologically feasible and what a viable business strategy can convert into
customer value and market opportunity”. In effect, DT aims to compel innovation through empathy with
key stakeholders of the intended design output. The DT approach follows a five-step iterative process
(Sakama et al., 2018): Empathize, Define, Ideate, Prototype, and Test. This study is concerned with the first
two steps in the process where ‘Empathize’ refers to identifying the target users and their characteristics
and establishing an empathic appreciation of their goals, needs, and challenges, while ‘Define’ collates the
information gathered from the Empathize stage for analysis and synthesis. It aims to define the core
problems to be solved in a human-centered manner such as an actionable problem statement. This problem
statement allows the designer to form an understanding of users’ needs. Often, this is done through the use
of a persona as a means to validate decisions made later in the design process (Köppen & Meinel, 2015).
With these two key steps in the DT process, empathy is placed with users in advance. Empathy design
highlights forming an understanding of users and their conditions. It requires satisfying their functional
and emotional needs (Thomas & McDonagh, 2013). This is done by observing users in their natural element
– as they go about their normal daily activities – to reveal their latent needs which can be imperative to
designing apps, such as mHealth apps. An Empathy Map (EM) DT tool could be used to aid persona
development. The EM (Figure 1), which is often used to develop an awareness of users’ wants, needs, and
expectations with regards to their condition, was originally developed as a human-centered design toolkit
used to improve customer experience, to navigate organizational politics, to design better work
environments (Osterwalder et al., 2010). It goes beyond demographic characteristics to develop an
understanding of the environment, behavior, concerns, and aspirations of users. EM analyzes and
categorizes user and stakeholder conversations into WHO we are empathizing with; what they SEE; what
they HEAR; what they THINK and FEEL; what they SAY, DO, or need to DO; and what their PAINS and
GAINS are (Gray, 2017; Osterwalder et al., 2010).
The use of personas for empathy design is reflected in past research. LeRouge et al. (2013) found that
fictional user-profiles and personas developed by employing data from extant literature, documents,
patients, health providers, and caregivers were a valuable approach to creating a conceptual model of aging
that permitted improvements to the design and development of consumer health technologies for aged
diabetic patients. Similarly, Holden et al. (2017) created biopsychosocial personas of older patients with
heart failure using survey data which acted as a referential guide for informatics designers. Turner et al.
(2013) also used interviews in their study which aimed to establish personas, scenarios, and user stories to
accurately represent the end-users to system designers of a communicable diseases information system.
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Figure 1. Empathy Map Canvas adapted from (Osterwalder et al., 2010)
As demonstrated above, past mHealth research has mostly used methods such as interviews (Bhattacharya
et al., 2017; Haldane et al., 2019; Hou et al., 2020; LeRouge et al., 2013; Turner et al., 2013; van der Molen
et al., 2017; Woods et al., 2017), literature reviews (Hou et al., 2020; LeRouge et al., 2013; van der Molen
et al., 2017), and quantitative surveys (Haldane et al., 2019; Holden et al., 2017) to design personas. While
past research has claimed some of these methods to be robust and ideal for empathic design (Cooper, 2004),
they can suffer from unintentional gender, age, or ethnicity bias in the case of interviews; out-of-date data
from literature reviews; as well as clarity and ambiguity issues that often plague answers to survey
questions. Thus, the current study contributes to the current literature by showing the feasibility of using
unsolicited social media insights to solve these issues and establish an empathic design for mHealth apps.

Methods
The current study uses a mixed-method approach to social media content analysis to develop and use
personas for an mHealth diabetes app. We employ content analysis platform Brandwatch Consumer
Research (BCR), an automated nonparametric social media data mining and analysis tool that has access
to a myriad of social media platforms, for social media data mining and analysis of Twitter data.

Data Extraction
Tweets discussing diabetes within the last two years (2018-2020) were collected from Twitter. In a
preliminary search, the keyword “diabetes” was used to collect English-language social media posts. The
specific keywords used to collect social media posts and the data extraction process are outlined in Figure
2 and Figure 3, respectively. We also demonstrate the keywords used as exclusion criteria to prevent offtopic posts such as “covid-19” and its variants, as well as website (URL) links. Since the study highlights
individuals, we also excluded retweets during the filtering.

Figure 2. Search query to retrieve diabetes tweets

Figure 3. Design Thinking and Persona Development based on Social Media Data Mining
Twenty-Seventh Americas Conference on Information Systems, Montreal, 2021
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Data Analysis
BCR was used to summarize the socio-demographic, geographic, technology usage characteristics, as well
as the interest of social media users regarding diabetes. A custom classification process in BCR which uses
the machine learning algorithm developed by (Hopkins & King, 2010) was used to develop an EM. Using
the custom classifiers in BCR, we segmented the collected tweets into themes that could be mapped unto
the EM categories shown in Figure 3. Further, sentiment and emotion analysis was used to uncover pain
and gain of diabetes patients to be mapped unto the EM. Positive sentiments or joy emotions were
categorized as gain. Anger or sadness emotion or negative sentiments were categorized as pain.

Formalizing Personas from Social Media
For an mHealth app to be useful, it should be based on a strong socio-technical framework and relies on
quantitative and qualitative information aimed at improving the selection, enrichment, and evolution of
personas (Grudin & Pruitt, 2002). As noted by Cooper (2004) it is important to design for specific personas
rather than the “elastic user” who fits all contexts. In essence, the more specific a persona is, the more
personable they are. In this way, we can assign some tangible solidity to the user by given them a name, as
well as specific attributes, to put all design assumptions into perspective. Again, Cooper (2004) notes that
in designing personas, the key is to be precise not accurate. In this study, the personas were formalized by
performing a cluster analysis to examine keyword prevalence and topic associations of various social media
posts in each empathy map section. The keywords in each cluster formed the core of the different personas.
The specific posts underlying these keywords were used to identify various primary and secondary
motivations of each persona. Based on the result, we identified and mapped sections of each category into
archetypes that informed the development of the representative personas in this study.

Result
Around 1.35 million posts representing 40.81% of diabetes-related posts were sampled from Twitter
throughout July 2018 to July 2020. These included conversations that have been posted as unsolicited
insights over the years as well as several peak conversations often posted on and around November 14 which
is World Diabetes Day. The posts were authored by 44.03% (76,714) unique female authors and 55.96%
(97,491) unique male authors. In terms of geographic location, geo-tagged authors were from the United
States (57%), United Kingdom (15%), Canada (4%), India (3%), and several other countries. The top selfidentified professions captured included Artists (n= 13963; 22%), Health practitioners (n = 8,951; 14%),
Business executives (n = 8,751; 14%), and Students (n = 5840; 9%). The interests of the authors were also
identified as Family & Parenting (n = 30,037;13%), Sports (n = 22,651;10%), Books (n = 20,815; 9%), and
Politics (n=19,707; 8%). Table 1 shows the EM sections, the classifier categories used, the questions we
sought to answer, and sample tweets that will fall in each category as described below.
SEE: Experience with the current regimen: Tweets were categorized in this theme to elicit empathy with
patients’ current environment. Patients are affected by problems regarding diabetes monitoring, support
systems, medication, and in general issues that deal with keeping their condition under control. The results
from this category show that patients were plagued by concerns regarding the cost of current medication,
health insurance, the accuracy of glucose monitors, carbohydrate and calorie counting, and the general
misunderstanding from others (including health professionals) regarding their condition. One tweet stated:
Thanks @tom_watson for promoting the potential of lifestyle change
. Particular thanks for
pointing out 4-6 out of 10 can achieve remission, to help combat the misunderstanding that
*everyone* with Type 2 #diabetes can/should get remission through #weightloss
HEAR: Information and Recommendations: Over the two-year period where tweets were mined, several
users shared information and recommendations some coming from verified health and charitable
organizations such as the World Health Organization (@WHO), Diabetes UK (@DiabetesUK), diaTribe
(@diaTribeNews), International Diabetes Federation (@WDD), and the American Diabetes Association
(@AmDiabetesAssn). Twitter handles such these discussed several diabetes-related issues, provided
education, and pointed to resources including movies that have done a good job discussing the condition:
Sweet Magnolias, a Netflix series, did a great job discussing type 2 diabetes.
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A simple post such as the one above was meaningful in gathering further evidence on what diabetes patients
hear daily regarding their condition. Among other things, the information shared included helplines, user
stories, symptoms, research material, and diabetes-related statistics.
THINK & FEEL: Experience with diabetes: In this category, we collated self-reported publicly available
posts that discussed how the condition was affecting patients. The authors discussed their symptoms, daily
routines, great resources they had found, as well as some of the wrong perceptions and misinformation they
have encountered. For example:
[...] I spent my teen years completely neglecting my diabetes (A1C at 14% for 5 years) and now,
even with a 90 day 87% TIR I can’t sit for more than 20 min w/o my feet going painfully numb
from neuropathy. Pls take care of urself.
Empathy
Map
Section
See

Classifier
Category

Questions

Sample Tweet

Experience with
the current
regimen

What does current treatment involve?
What type of assistance do they require?
What has been their experience with
mHealth?

Hear

Information and
Recommendations

Think
and Feel

Experience with
diabetes

Say and
Do

Actions and
Advice

What do others say about diabetes?
What and who influences their decisionmaking and how?
What information sources do they
consult?
What is their attitude?
What has been their experience with
diabetes?
What ideas do they have?
How do they feel about their condition
and life in general?
What are their most prevalent posts
about?
How do they deal with diabetes?
What do they tell others?

Pain

Sentiment:
Negative;
Emotion:
Anger/Sadness

Gain

Sentiment:
Positive; Emotion:
Joy

Since I was diagnosed with diabetes in 1995, I
have had to poke my finger multiple times a day
to know what my blood sugar was. In October
2018 I started using one of these things which are
called CGM (Constant Glucose Monitor) which
does what it sounds like...it checks my sugar
[…] New research published in Diabetologia (the
journal of the European Association for the Study
of Diabetes [EASD]) reveals that too much or too
little sleep in people with type 2 diabetes (T2D) is
linked to sharply increased death rates [...]
[…] These past 2 weeks I’ve been having
increasing symptoms of diabetes, including
tingling feet, peeing often, dry throat. I am
young, in physical shape, and exercise daily, but
I’m panicking out of my mind right now. can I fix
this [...]
I had BG of 400, horrible habits & quickly
learned how to change. You can change too.
Nutritionist helped w/low carb diet. I lost 70#
and off diabetes meds w/i 11 mos. I manage
diabetes w/ exercise & diet. Just b/c I don't take
meds doesn't mean I don't have diabetes. Stay
strong
I saw your app/products for diabetes
management & I am curious how you integrate
managing T2D & an eating disorder.
Encouraging someone w/ an eating disorder to
track calories & exercise can be detrimental to
recovery. How do you plan to address this?
“Sigh for hype.
I want a simple carb counting app as doctors
changed my diabetes treatment.
The full page of the search shows all kind of keto
diet apps. And I don't trust apps that push for a
specific diet.”

What are their biggest
frustrations?
What obstacles stand
between them and effective treatment?
Which risks are they most afraid of
taking?
What do they truly want or need?
How will they measure success?
What strategies are they taking to
achieve their goals?

Table 1. Empathy map with adapted categories and questions for classification.
SAY & DO: Measures and Advice: Diabetes patients are often unique such that they require different
therapies and daily routines to keep the disease in check. Consequently, we found several posts that alluded
to supportive measures and lifestyle changes that patients had had to make to ensure health. These included
posts regarding exercise routines, diet, sleep, stress, insulin sensitivity, and hormonal cycles such as:
[…] In October was diagnosed with Type 2 Diabetes. Since then, lost 85 pounds, exercise every
day, and changed the way I eat. A1C has dropped almost to normal range, blood sugar is normal,
and all other levels are in the middle of the target!
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Personas
Using the approach described above for formalizing personas, we created three personas using social media
data. For example, Figure 4 presents the keywords from the “SAY & DO” section of the empathy map
segmented into topic associations of keywords and identified by sentiment (red implies negative, green
implies positive). A summary of each persona is discussed below.

Figure 4. A cluster of SAY & DO posts
Archetype 1: The Newly Diagnosed. Alan, the first persona modeled, delves into a newly diagnosed T1D
patient from a high-income country. This persona is a proficient mobile phone and social media user. They
are keen to learn and adapt to their new condition but have found the myriad of information from friends,
long-time diabetes patients, social media commentators, and other sources overwhelming. They are highly
motivated to seek out a trusted source of information regarding monitoring, dietary habits, exercise
routines, and all sorts of diabetes-related information.
Archetype 2: The Patient Going Through Changes. Akosua, the second persona, explores a patient who has
had T2D for a long time. They developed this condition in their mid-adulthood and maintaining their
condition seemed like second nature now. However, recent changes in their life have caused them to lose
control resulting in unhealthy eating and drinking habits. Their goal is to get things back on track by
connecting with people in a similar situation while also providing advice to others on how to increase their
quality of life.
Archetype 3: The Expectant Mother. Prakriti, the last persona, is a first-time mother who was diagnosed
with gestational diabetes at her 28-week obstetrics appointment. She is well educated and understands all
she needs to do to remain healthy for her baby. Being from a low-income country, however, she has a small
window within which to meet her doctor during OB appointments. Prakriti is interested in an easy-to-use
mHealth app that she can use to monitor her diet and blood sugar tests while providing statistics on which
foods affect those reading the most. Other insights that she can share with her doctor would also be a plus.

Discussion
To the best of our knowledge, we present the first study that aims to assist developers in early-stage mHealth
app design using a design thinking approach that combines social media data with an empathy map adapted
to suit the purposes of the current research. The ensuing discussion presents our findings and implications
for persona development, behavior change, and design principles.

Social Media for Persona Development
While requirement engineering can be difficult, we found social media to be a viable alternative to methods
like interviews and observations proposed by past research (Cooper, 2004). Social media-inspired personas
Twenty-Seventh Americas Conference on Information Systems, Montreal, 2021
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make it possible to profile the behavior of diabetes patients in a way that goes beyond the possibilities of
other research methods. The parallels between social media (as a platform) and diabetes (as a disease) can
be seen in how social media users and diabetes patients are both widespread and diverse. In this way, while
past research has reported limitations with small sample sizes and invariable data with respect to factors
like race and geographic location (Holden et al., 2017; Turner et al., 2013), the evidence from social media
displayed a wide array of users from differing social, educational, and financial settings dealing with several
different types of diabetes (including pre-diabetes, T1DM, T2DM, and gestational diabetes). Further, by
using a content analysis tool that performs statistical and machine learning techniques to cluster social
media data, an adequate basis for creating personas is formed that results in an understanding of diabetes
patients’ needs and goals. This is an effective way of combatting researcher bias.
It could, however, be argued that interviews and observations provide some form of flexibility, follow-up,
and an ability to observe non-verbal behavior that textual data like literature reviews, surveys,
questionnaires, and, to an extent, social media may not be able to provide. While this may be true of the
other forms of data collection, we found that social media exhibited the characteristics of big data in its
volume, velocity, and variety that quickly alleviate this issue. For example, this quote from Alan shows
control over diabetes but without context:
[…] I've had it for 32 years and I am used to it by now, but I don't like it I control my diabetes it
doesn't control me […]
In an interview scenario, the follow-up question might enquire how they ensure said control. Similarly, an
observing researcher might be able to see the exact steps and measures taken to guarantee control. In the
social media setting, we found that by examining similarly clustered tweets, several examples of posts from
different users could just as easily serve as an answer to the how:
[…] I was diagnosed with adult onset diabetes at age 29 and stopped drinking, I am 63. I control
it with diet & exercise […]

Implications for Behavior Change
The example above also relates to the implication of this research on behavior change. Some of the highest
risk factors for diabetes and its comorbidities such as hypertension and cardiovascular disease include
sedentary behavior, physical inactivity, and unhealthy eating (Saeedi et al., 2019). While mHealth apps have
been reported to increase blood glucose testing and improve eating habits and physical activity, the
importance of basing app design on effective behavior change theory has also been highlighted (El-Gayar
et al., 2013; McKay et al., 2018; Zhao et al., 2016).
Empathic design using social media data is relevant for targeting healthy behavior change. By providing a
large enough sample size of posts, social media-inspired personas can inform design that targets
appropriate behaviors in need of change. We found that personas designed with social media data exhibited
several behaviors capable of being changed with effective use of behavior change theory and techniques.
For instance, using the taxonomy of behavior change techniques (BCTs) (Michie et al., 2013), Alan and
Prakriti – being newly diagnosed – would be more receptive to maintaining the quality of life with feedback
and monitoring, and shaping knowledge. On the other hand, Akosua –having had the condition for a longer
time – will be more inclined to respond to social support, as well as goals and planning. The same could be
done using age-, or even geographic location-informed markers to design apps that use the appropriate
BCTs to elicit healthy behavior change.

Implications for Design Principles
In reference to Sinek’s Golden concentric circles (Sinek, 2009; Thomas & McDonagh, 2013), we note that
diabetes and associated behaviors are represented in the outer circle as what the intention of design
outcome is. The middle circle is represented by design principles which offer how to design outcomes will
be achieved. As such, the important inner circle serves as the foundation to proper human-centered design
and answers the question why from the patients’ perspective are the personas. For instance, past work of
this nature, such as (Al-Ramahi et al., 2017; El-Gayar et al., 2019), explored the use of social media to deliver
design principles and insights for mHealth and wearable devices. In both examples, an important design
principle was highlighted as social support. In developing an mHealth app with social support as a feature,
Twenty-Seventh Americas Conference on Information Systems, Montreal, 2021
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personas – such as the ones developed in this research also using social media – are important for creating
designs that appeal to the differing perspectives and characteristics of each.
What social media-inspired personas offer are specific design needs that patients based on their specific
demographic, behavioral, and physiological needs. Prakriti’s goal for social support, in this case, could be:
[…] Being able to get food delivered online and a volunteer from a local charity to get my meds
for me […]
This is essentially a different sort of social support feature than say Akosua who simply wants a:
Brilliant day being able to chat to people about diabetes!
Each persona contributes specific characteristics that shape requirements and design concepts that can
shape ideation and facilitate prototyping and testing as the remaining steps of the design thinking approach
(LeRouge et al., 2013). As Cooper (2004) posited, although this prevents designing for an elastic user who
adapts to each need, it is important to design for each persona independently factoring their needs and
goals for social support into the design outcome. With the advent of analytics and AI, these independent
designs can co-exist in the same application with a predictive model capable of envisaging each user’s goals
and serving specific features for their needs.

Limitations of the study and future research
The limitations of this study relate to the use of a single social media platform – Twitter. Although popular,
Twitter has been found to contain much younger audiences with the most prolific 10% of users creating
80% of tweets (Wojcik & Hughes, 2019). As such, although the result might be better than those with
smaller sample sizes, the result could still not generalize well to some populations. Although we used
Twitter for the current study, this approach is generalizable to other platforms. Hence future researchers
may explore other social media platforms to enhance the findings of this research. As with other forms of
qualitative studies that require codification of user content, the result could be susceptible to researcher
bias. However, with the use of a machine learning-based content analysis platform which highlights word
prevalence and keyword associations, we minimized researcher bias and assured the validity of the findings
by independently reviewing and discussing differences in interpretation of posts. Another useful and active
avenue for future researchers is to explore ways to automate quality checks regarding fake or misleading
information on social media, especially with regards to persona creation. Last, as has been done in past
research (Wahbeh et al., 2020), further research to elicit the views of other stakeholders could provide
additional perspectives for mHealth design.

Conclusion
This study investigated the use of social media for persona development. Using diabetes as a case study, we
employed social media analytics to design three personas that can inform mHealth apps design. The current
study demonstrates that social media can be useful in human-centered design approaches by offering data
that exhibits volume, variety, and velocity in providing a large sample of posts from different users and user
perspectives in a near real-time basis. We show that the characteristics of social media-inspired personas
can also influence the choice of behavior theory and techniques for mHealth applications.
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